A growing number of new anticancer treatments are being approved by the European Medicines Agency (EMA) and/or the US Food and Drug Administration (FDA), and for this reason oncologists and decision makers are increasingly requested to interpret appropriately the results of survival studies. The mean survival (or mean lifetime survival) is in theory the best parameter to represent survival outcome in a given group of patients, 1,2 but in most cases mean survival cannot be estimated from censored observations (unless the event rate reaches 100% in the patients concerned or unless the survival curve is extrapolated to infinity through complex mathematical functions such as those of Weibull 3 or Gompertz 4 ). In this framework, median survival is almost universally employed in clinical studies focused on time-to-event endpoints (irrespective of whether the endpoint is overall survival [OS] or progression-free survival [PFS] ). Accordingly, median survival is considered an adequate proxy for mean survival.
On the other hand, survival gains have long been considered the index that best represents the incremental survival benefit observed between two treatments aimed at the same disease condition. 5 In theory, in two-arm studies, the survival gain should be determined as the difference between the two values of mean survival (i.e. gain = mean survival experimental group -mean survival control group ), but in practice, the gain is determined as the difference between the two values of median survival (i.e. gain = median survival experimental group -median survival control group ). Again, this applies indistinctly to OS and PFS.
When it comes to determining the 95% confidence interval (CI) of these parameters, medians do not raise any computational problems: in fact, the most commonly used statistical programmes carry out this estimation of 95% CIs and, more importantly, the articles describing these clinical studies generally report this information. For example, in the recent approval document of olaratumab 6 (available from the EMA website), the pivotal trial comparing olaratumab versus placebo in 133 patients with soft tissue sarcoma presents the following information on PFS (see One simple method of estimating the 95% CI of the gain in OS or PFS proceeds through the two following steps:
Step 1: the standard error of the mean (SEM) for survival length (or length of PFS) is separately calculated for the two patient arms according to the following well-known equation: Step 2: a widely used internet tool, GraphPad software, 9 is applied, that converts these data of survival length (namely: median PFS = 6.6 months, SEM = 1.087, and number of patients = 66 for the experimental arm; median PFS = 4.1 months, SEM = 0.663, and number of patients = 67 for the control arm) into an estimate of the gain in PFS (gain = 2.5 months), accompanied by its 95% CI (from −0.01016 to +5.01016 months). Figure 1 shows how this internet tool presents the input data and the results of this example.
It should be noted that there is a small discrepancy between the level of statistical significance originally reported in the olaratumab EPAR (p = 0.0615 associated with the HR analysis) and that resulting from the procedure described herein (p = 0.0509). This discrepancy is related to the assumption by which median survival is considered to be a proxy of mean survival.
Generally speaking, marked discrepancies between the results of traditional HR analyses and those based on median survival gains are unlikely. However, should these discrepancies occur, interpreting these discrepancies will lead to identifying some specific characteristics of the survival dataset that can explain the discrepancy itself; for example, the presence of a small subset of long-term survivors can explain why the HR provides a more favourable interpretation of the results than the median gain.
As metrics for managing survival data, median survival has several well-known disadvantages.
For example: (a) it leads to loss of information, as it represents only one time point in the survival curve; (b) it is a poor indicator of treatment benefit when hazards are nonproportional, as may occur with targeted therapy; (c) it cannot be computed when 50% of residual survival has not been reached in at least one trial arm; (d) its standard error is quite large for commonly used sample sizes of a few hundred patients. On the other hand, the main disadvantage of the HR approach is that the metrics cannot be used to carry out a cost-effectiveness analysis (CEA), because all CEAs require knowledge of the survival gain between the two treatments. Extensive literature has emphasized this advantage of gains in pharmacoeconomic terms. 5, 10, 11 Hence, using the gains implies a series of well-known disadvantages, but there is also an important advantage.
In conclusion, the procedure described in this report can be useful to reaffirm the important role of gains in survival studies and to improve the current situation in which most survival assessments are based exclusively on the values of HR. According to our proposal, the estimation of median survival gain (with 95% CIs) should not replace the traditional interpretation based on HR (with its 95% CI and/or p value), but should be seen as an additional piece of information that improves the overall interpretation of the survival data.
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